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ABSTRACT

The purpose of this research effort is to validate
the utility and effectiveness of a unique human performance
measurement technigue developed under ONR contract (NOOO1467C0107).
Performance data on eight Navy ratings was collected from ships ot
LANTFLT and PACFLT. This report is the last in a series of technical
reports on the statistical analysis of that data. A statistical
analysis is provided on performance related data for electronic
maintenance personnel sampled from 21 ships..Four different
performance estimators, as functions of critical incidents, were
evaluated. A detailed explanation of the distributional properties of
the performance estimators is presented, and an explanation of the
factors that lead to the adoption of a curvilinear regression
analysis for analysis of the data is discussed. The results of the
statistical analysis indicated that a certain combination of the
performance data possessed moderate validity for appraising the
absolute level of technician on-the-job performance on the EM, ET,
FT, and IC ratings. Application of the technique to technicians in
the RM, ST, and TM ratings was tenuous, but still approrriate, while
none of the performance estimators seemed to be applicable to
technicians in the RD rating. For this reason, it would seem that the
appropriateness of application of this technique to other ratings
warrants investigation, perhaps by the approach employed in this
report. In any event it has been observed that the technigue
possesses sufficient merit to be recommended for more widespread use
within the U. S. Navy. (Author)
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SUMMARY AND CONCLUSIONS

Problem

The advent of a more streamlined Navy operating under reduced manning levels and
heightened operational requirements imposes the need for accurate human-performance
evaluation of ship personnel systems. On the personnel systems level, electronic
technician reliability measurement is a necessary and integral part in the evaluation
of particular cembat systems of which technicians are components. The objective is
then to develop and evaluate human-performance reliability estimates so as to be able
to effectively alter the personrel system in order to maximize the overall performance
of the sustem. The purpose of %his project is to validate the utility and effectiveness
of a unique humar. performance measurement procedure developed under a prior 0ffice of
Naval Research project and designed to improve upon existing performance measuring
techniques in a systems environment.

Background and Requirements

Human reliability performance estimation can be accomplished by considering the
individuals being evaluated as components of a personnel system. This consideration
allows the use of much of the theory already applied to equipment reliability estimation
to be modified to human-performance estimation. After this theory is applied to evalu-
ate the performance of human components in a personnel system, appropriate combinations
of the individual performance estimators will provide a performance or reliability es-
timate of the personnel system itself.

In order to improve upon existing performance estimators of the human component in
a personnel system, Dr. Arthur I. Siegel and his associates of Applied Psychological
Services, Inc., Wayne, Pennsylvania, developed fleet post-training performance criteria
for electronic maintenance personnel with the support of the Office of Naval Research.
The cumulation of these efforts resulted in the development of unique human performance
measurement techniques, closely allied with equipment reliability estimation techniques.
Siegel also developed procedures for combining the technician performance estimates in
appropriate ways in order to estimate team, ship or squadron performance.

An outgrowth of the prior research effort was the suggestion that the techniques
be introduced on a limited basis to determine how they may be modified or elaborated
upen. The Naval Personnel Research and Development Laboratory has been validating the
utility and effectiveness of these techniques. The main technical objectives of this
validation effort are to determine the validity of the performance measurement techniques,
identify modifications required to maximize their possibility for implementation and to
comment on the statistical properties of those techniques as related to their effective-
ness in an operational context.

Approach

In order to realize an efficient and timely data collection effort, optical scanning
instruments were utilized similar to those employed by Applied Psychological Services in
prior research efforts.

The main data collection instruments were:

1. Job Performance Questionnaire (JPQ) ANSWER SHEET - this form records
supervisory estimates of the total number of a technician's uncommonly
effective (ZUE) and uncommonly ineffective performance (ZUI) that the
supervisor has observed during a specified time period.
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2. Technical Proficiency Checkout Form {TPCF) - this form records the level
of technical complexity at which a man is able to perform without direct
supervision.

3. Personnel Identification Information Form (PIIF) - this form records
demographic data on the technician being evaluated.

Gn each of the above instruments an individual in one of the electronic maintenance
ratings EM, ET, FT, IC, RD, RM, ST, and TM was evaluated by his supervisor. O0On the
basis of the total number of uncommonly effective (IUE) and the total number of uncom-
monly ineffective (fUI) incidents of performance recorded on the Job Performance Ques-
tionnaire (JPQ), three different performance estimators were developed previously by
Applied Psychological Services. These estimators are functions of the total number of
uncommonly effective (LUE} and the total number of uncommonly ineffective (fUI) incidents
of performance observed by the supervisor on each of eight job dimensions characteristic
of electronic maintenance activities. The three estimators of human reliability are:

1. Series Reliability Estimate (SRE)
2. Series-Parallel Reliability Estimate (PRE)
3. Geometric Mean Reliability Estimate (GRE)

In addition, a fourth measure of technician on-the-job performance developed in the
course of th's research effort was:

4. \eighted-Average Reliability Estimate (WRE).

By adopting the Technical Proficiency Checkout Form {TPCF) as a criterion measure
of technician on-the-job performance, the degree of association between each of the four
performance estimators and criterion measure was developed for various lccations and
each rating. Furthermore, a curvilinear regression analysis was applied to determine
the best linear relationship between those variables.

While the purpose of this project was not to evaluate the criterion measure (TPCF},
conditional and joint freguencies of the job tasks by rating revealed the modifications
needed on the TPCF to make it more current. Furthermore, from the conditional and joint
frequencies it was possible to develop a competency level for each rating and permit an
in-depth analysis of the job task structure for those ratings.

Comparisons between ships and ratings were made by employing the WRE since it was
identified as a more promising performance estimator. Initially a two-way Analysis of
VYariance was employed on the semple data. However, because of the significant inter-
action that was found to exist between ships and ratings, comparisons between ships
(ratings) were made for a fixed rating (ship).

Finally, product-moment correlation coefficients were developed between various
performance variables and several demographic variables. In particular, Basic Test
Battery scores (GCT, ARI, MECH, and CLER scores), usually employed to predict actual
school success, were investigated in order to determine the degree of association
between those scores and the measures of on-the-job performance developed in this
research effort.

Findings

In order to determine the appropriateness of standard statistical techniques or
tests employed for various purposes in this research effort, initial findings were
concerned with the results of an analysis of the distributional properties of the predictor
and criterion variables. From an application of appropriate aoodness-of-fit tests for
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normality to tne sarpla data, only the predictor variable WRE could be termed normally
distributed. This result was also gznéraily true when individual ratings were similarly
studied. These characteristics of the sample data necessitated the use of a curvi-
Tinear regression analysis. An emphasis on only the lczast-squares analysis resulting
from an application of that technioue was empicved in order to determine the relative
merits of each of the predictor veriabies.

A comparison of the multiple correlation coefficients renulting from the curvi-
linear regression analysis applied across all ratings revealed that a straight-line was
the best fit to the sawple data. The product-moment correlations between the predictor
variables (SRE, PRE, GRE, and WRE) and the selected criterion variable suggested moderate
promise on the bart of the WRE for aporaising the on-the-job performance of individuals
involved in electronics nm2intenance activities. However, the relatively low multiple
correlation coéfficients suggested a significant degree of unexplained criterion variance.
As such the analysis was applied by rating. Reievant findings by rating revealed that
in almost every rating the WRE deiunstrated more promise for appraising on-the-job
technician performance than the other estimators. The WRE was considered a more promising
estimator in the serse that the samnle product-moment correlation coefficients were
generally of a larger magniiude and, by some fit to the data, the WRE seemed to account
for more criterion variance. For evample, the WRE indicated product-moment correlations
of .492, .445, .430, and .434 for the EM, ET, FT, and IC ratings, respectively, while
the next more promising estimator (GRE) demonstrated product-moment correlations of .301,
.508, .374, end .387 for the EM, ET, FT, and IC ratings, respectively. It is to be noted
that while th= WRE may not necessarily be a statistically significantlyv different estimator
in terms of producing hiaher correlations with the ¢riterion variablc and explaining more
criterion var-ance, the sample data results did tend to demonstrate that the WRE was the
more rromising estimator in that consistently the sample vesults did produce higher
product-moment and multiple correlation coefficients for the WRE. Altogether the WRE
demonstrated very promisiny results on the EM, ET, FT, and IC ratings and fair results
on the RM, S, and TM ratings. None of the performance estimators were at all promising
in the RD rating.

Relevant findings from an analysis of the Technical Proficiency Checkout Form re-
vealed that it was a very instructive instrument for determining technician proficiency
in one job task in relation to another. Only one job task - the calibrating of the
equipment used by the technicians - seemed to be out of place in the hierarchial order
of the job tasks represented by this instrument.

Findings of the multiple comparison of ships and ratings included the resu]@ that
significant interaction exists between ship-rating combinations. This'resu1tgd in the
development of multiple comparisons of ships (ratings) for a fixed rating (ship). From
this analysis it was found that no pairwise significant difference exists between ships.
On some ships a pairwise significant difference exists between some ratings, but no pat-
tern emerged across ships as to which rating{s) demonstrated a higher or lower mean
performance level.

The product-moment correlation coefficients developed between the demographic vari-
ables and the performance variables were of the same magnitude as those which are usuaily
found to exist between predictor variables and measures of an-the-job perfermance. Prom-
ising results were found in this research effort on the relationship of demographic vari-
ables to on-the-job performance.

Conclusions

Employing the TPCF as a criterion measure of technician on-the-job performance it
may be stated that the following list represents an accurate portrayal of the performance
measurement technique that was researched :

1. The distribution of the predictor variables SRE, Pki, and GRE are
nenerally skewed in one direction or another, while the criterion
variable derived from the TPCF is negatively skewed. The WRL is
normaily distributed. These conclusions are for each rating and across
ratings.
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2. The WRE is a more promising type of parformance estimator. It has
greatest utility when applied *o technicians in the EM, ET, FT, and IC
rating and fair promise for application in the RM, ST, and TM ratings.

3. None of the perfcrmance estimators is appropriate for use upon
technicians in the RD rating.

4. The Technical Proficiency Checkout Form (TPCF) demonstrated significant
promise for appraising the job task structure and proficiency of electronics
maintenance personnel without restriction to a particular rating.

5. In all ratings a more current €actor analytic task analysis would be
desirable before implementation of the technique. This would involve a
revision of the job activity factors on the JPQ ANSWER SHEET and job task
descriptions on the TPCF by rating.

6. It is recommendad that a validation of the performance variables (SRE,
PRE, GRE and WRE) be completed before the technique is applied to other than
those ratings researched in this report.

In conclusion it is to be noted that the performance measurement technique that was
researched is of significant merit to be considered for practical application in the U.S.
Navy {particularly in the EM, ET, FT, and IC ratings). At the present stage in the art
of developing performance measurement techniques, the technique that was researched is
probably the best performance measurement procedure Presentiy available for application
within the U. S, Navy.

vi
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INTRODUCTION

Current and expanded commitme. s of a modern sophisticated Navy will require
greater operational effectiveness of fleet personnel systems. The Navy will have to
operate fleet personnel systems at optimal effectiveness levels and maintain fleet
readiness. Together with these requirements, the advent of an all-volunteer force and
smaller ship systems with reduced manning levels make the problem of optimizing, and
evaluating, personnel system effectiveness a complex and critical problem.

While performance assessment serves a multitude of purposes, it has been seen as
an especially valuable tool when applied to the areas of optimizing personnel system
performance, providing feedback on naval school effectiveness, the interpretation of
man-machine interaction, and as a factor in the optimei assignment of men to jobs.

It is in these applications that personnel systems performance measurement will be

able to address some of the more critical present-day Navy problems. For example,

many ship systems are operating with increasingly sophisticatec and complex equipment.
However, is it necessarily true that technicians of comparable sophistication in train-
ing and mental ability need to be employed to operate, maintain, and repair that equip-
ment in order that the ship complete its mission? While this report does not address
that specific question, future research employing individual, and system, performance
measurement may reveal that the Navy could effectively utiiize personnel in those
positions. who may now be rejected for some reason related to their projected on-the-
job perfurmance in those positions. As such there is a definite need for valid and
reliable individual system performance assessment.

In order to achieve a performance appraisai of personnel systems, recent research
has been directed towards viewing personnel system performance estimation as analogous
to equipment reliability estimation. This particular approach views individuals (in
the system) as "components" in the personnel system. This viewpoint, and an applica-
tion of the techniques already employed in equipment performance estimation, reduces
personnel system performance estimation to an evaluation of the performance of the
individuals in the system. Once the individual performance estimates have been made,
meaningful combinations of these estimates can provide estimates of personnel system
performance. As such the initial problem reduces to that of finding accurate and
valid measurenents of individual performance.

Much recent research in the area of individual performance measurement has been
directed towards examining individual performance as a function of the extremes of
behavior (critical incidents) of an individual's performance. These functions of
behavior can provide estimates of individual performance. By appropriate combina-
tions of the individual performance estimates, estimates of personnel system per-
formance can be developed. This report will address the validity, application, and
implications of a particular procedure that employs the critical incidents technique
to estiimate the performance of electirorics maintenance personnel.

BACKGROUND

The purpose of thic section is to give the reader a logical development of the
paerformance measurement tecnniques employed by Applied Psychological Services and
others. Fundamentally these researchers employed a critical incidents technique in
deriving estimates of human performance.



Generally the main approach is to estimate the performance of a particular person-
nel system as a function of the performance of individuals that are a part of the
system. This necessarily reduces personnel system performance estimation to a discus-
sion of estimators of individual performance where individuals are the components of
the system. Combining the individual estimates will provide estimates of personnel
system performance.

Personnel Performance Estimation

Let UE (UI) represent an uncommonly effective (uncommonly ineffective) incident of
performance observed by a rater in & certain time period on some individual under ob-
servation. Furthermore, let ZUE (fUI) represent the total number of uncommonly ef-
fective (uncommonly ineffective) incidents,of performance observed. Using these func-
tions of critical incidents, Whitlock [21]' demonstrated that there is a definite
straight line or curvilinear relationship betwesen ZUE (or the ratio ZUE/ZUI) and cor-
respondirg performance evaluations. Prior resulis such as this provided significant
evidence that the application of a critical incidents technique to perfcrmance eval-
uation is a valid and useful approach.

Following upon the results of Whitlock, for example, Applied Psychological Services
furthier developed and applied the above menticned techniques to the post-training per-
formance evaluation of individuals in various avionic or electronic ratings in the U. S.
Navy. In particular Siegel and Pfeiffer [18], utilizing estimates of uncommonly ef-
fective and uncommonly ineffective performances, showed that these estimates possess
merit as useful indicators of overall personnel proficiency. The researchers employed
magnitude estimates of the number of unconmonly effective and uncommonly ineffective
performances relative to a short prior period for avionic personnel. They derived a
performance index from the ratio of the sum of uncommonly effective performance (ZUE)
to the sum of uncommonly effective plus the sum of uncommonly ineffective performance
(ZU1), namely (ZUE/[ZUE + ZUI]). Siegel and Pfeiffer [18] concluded that: (1)
magnitude estimates of uncommonly effective and ineffective performance yielded useful
data which could form the basis for a personnel subsystem reliability index; (2) the
ratio of the sum of uncommonly effective to the sum of uncommonly effective plus the
sum of uncommonly ineffective performance yields an index which discriminates in the
anticipated direction; and, (3§ the obtained avionic personnel subsystem index could
be utilized for post-training performance appraisal, personnel placement, and squadron
evaluation purposes.

Job Performance Questionnaire

Eight job activity factors descriptive of naval avionic electronic maintenance
jobs were isolated by Siegel and Schultz [19] and are shown in Appendix A, page A-7,
along with their definitions. These factors formed the basis of the Job Performance
Questionnaire (JPQ), an instrument for recording the frequency of critical incidents
for each of the job activity factors. Siegel and Federman [16] demonstrated the
utility and practicality of a Job Performance Questionnaire (Appendix A, page A-3)
for technicians in the eight electronic maintenance ratings EM (electrician's mate),
ET (electronics technician), FT (fire control technician), IC (interior communica-
tions electrician), RD (radarman), RM (radioman), ST (sonar technician), and TM
(torpedoman's mate). From an evaluation of 499 technician in those ratings, the
researchers found that the JPQ yields an estimate of the total number of uncommonly
effective and uncommonly ineffective incidents of behavior on the eight identified
Job activity factors.

1AH numbers enclosed in brackets refer to corresponding numbers of documents and
publications listed under REFERENCES.



Specifically, for each job activity the reliability ratio (ZUE/{ZUE + :£UI]) yields
an estimate of the probability of ~ffective performance for the individual technician
on the particular job activity considered. Then the reliability ratios are compounded
to provide estimates of individual effectiveness or reliability of on-the-job perform-
ance across the job activities. It was reported by Siegel and Federman [16] that esti-
mates ¢f uncommonly effective and of uncommonly ineffective behavior along all eight
Jimensions of job activities could be combined into & meaningful measure of technician
effectiveness. Moreover, they indicated that the individual technician effectiveness
values can be further treated to form effectiveness values for ratings, ships, and
squadrons.

Estimation of Technician Reliability

Employing the reliability ratic concept (ZUE/[ZUE.+ fUI]), Siegel and Federman
[16] have developed the follewing three reliability estimates:

1) Series Reliadility Estimate (SRE)

The series reliability measure of total effectiveness for
an individual 1is derived by multiplying individual job activity
reliability ratios to yield a total reliability score, i.e.,

Rg =ryxrpx ... xrg

where RS = series re11ab11ity2. and

ry (%HE/[ZUE + LUI]) is the reliability ratio for the
i

job activity.

It is to be noted that use of the series reliability estimate
requires the assumption that performance reliability on each Jjob
activity is independent of performance reliability on other job
activities.

2) Series Parallel Reliability Estimate (PRE)

STegel and Federman [16] reported that "... the seriess and
series-parallel reliabilities provide measures of personnel
proficiency relative to performance on the entire job (i.e.,
all eight job act1v1t1es§.“, (p. 46). The series-parallel
estimate of individual proficiency 1s defined as:

Rp = Rg x(2 - r]) X oo. X(2 - r8)

where R¢ and r1(1 =1, ..., 8) are defined in 1) above.

21t is helpful to note that the series reliability estimate possesses the fol-
lowing properties:

a) for each of the i =1, ..., 8 job activities
0 <ry <1, and, therefore,
b) 0 < R_ <1
LR 2

c) Ry < smallest r

s it



This particular estimate tends to provide a more optimistic
estimatg of individual performance. However, the content validity
and derivaticn of this estimate deserves further development.

3) Geometric Mean Relijability Estimate (GRE)

Let r;, r;, r;, and rz be the four highest job activity reliability
ratios of the elght reliability ratios for a technician being evaluated.
The geometric mean reliability for the technician is defined as:

= * v ok * *
R “<>//r] Xy X ry x vy

This particular estimate is an estimate of individual perform-
ance that stresses the strong points of an individual's perform-
ance. However, it also tends to ignors his weak points and,
therefore, should be used with caution.

In addition to the three performance estimators {SRE, PRE, and GRE) previously in-
troduced, this report will also discuss an estimate that weights the importance of each
job activity in determining a technician's overall performance.

4) Weighted Average Reliability Estimate (WRE)
To develop this estimate Tet:

NJ = number of Job activities on which the technician actually
worked;

i = index for the sum over the job activities on which the
technician actually worked;

th

ri = the reliability ratio for the i*" job activity;

w; = weight denoting the importance of the jth job ac%ivity in
estimating the technician's overall performance.

The Weighted-Average Reliability Estimate (WRE) of technician
effectiveness is then defined as:

Nd
RW =Z Y'i X W.I/N\J
i=1

Validation of Performance Estimators

In addition to performance data collected on the JPQ, performance data were col-
lected by Siegel and Federman [16] by means of an evaluative instrument called the
Technical Proficiency Checkout Form (TPCF) (Appendix A, page A-5). The TPCF consists
of eight job tasks Tisted in hierarchial order from easiest to most difficult. The
efght tasks meet the Guttman requirements for scalability {see for example, Guttman
[11]). Siegel, Schultz, and Lanterman [20], 1964, employed the scale underlying the
eight tasks to determine the cutting points for placing avionic petty officers, third
class and strikers 1in one of three levels of technical proficiency. The procedure for
placing a technician in one of three Tevels of technical proficiency is accomplished by
means of a Technical Proficiency (TP) score developed from the TPCF.

3The procedure for deriving the weights is given in Appendix X,



Technical Proficiency (TP) Score

Define the function Fi{i =1, ..., 8) as:

1 if the technician is CHECKED OUT on the ith
Foo= task of the TPCF

0 if the technician is NOT CHECKED OUT on the
ith task of the TPCF.
The TECHNICAL PROFICIENCY (TP) score for a technician is then defined as:
8
TP score = Z: Fi‘
i=1

Technical Proficiency Checkout (TPC) Level

Three TECHNICAL PROFICIENCY CHECKOUT {(TPC) levels are:
Level 1: above desirable
Level 2: below desirable but at least minima]]& acceptable
Level 3: below minimally acceptable.

Siegel, Schultz, and Laterman [20] based this trichotomous division of the TPCF on
supervisor's judgments of the performance level required for achieving the objectives
given in Appendix A, page A-8.

The procedure for determining the TPC level was reported on in the previously
mentioned report and is ‘given by:

a) add 0.5 to TP score for an individual. Let TP* be the
resultant score.

b) if TP* < 3.92, the TPC level = 3
c) if 3.92 < TP* < 5.63, the TPC level = 2
d} if TP* > 5.63, then TPC level = 1,

Siegel and Fischl [17] correlated technicians TPC levels with the technicians total
scores on a performance test. Employing a triserial correlation coefficient (see, for
example, Jaspen [13]) as an estimate of the product-moment correlatior.. they found a
triserial correlation of .40. When corrected for the lack of perfect reliability in the
performance test criterion, the correlation became .74. O0On the basis of their investi-
gation of the then concurrent validity of the TPCF, they conclugded that the Technical
Proficiency Checkout Form, "... previously shown to be reliable and practical, muy now
be considered to possess a substantial degree of validity for appraising the absulute
proficiency level of avionics technicians in the fleet.", (p. 46). Finally, Siegel
and Federman [16] recorded a triserial correlation of .3& between the TPC level of the
technicians evaluated and their Series Reljability Estimate (SRE), concluding "...
there is(some ?asis to believe that the JPQ results correlate with on-the-job perfcrm-
ance.", (p. 62).



Main Results of Prior Studies

Important conclusions of prior reports relative to the merit: of the Series Re-
liability Estimate (SRE), Series~Parallel Reliability Estimate (PLE), Geometric Mean
ReT7abiTity Estimate (GRE), and the Technical Proficiency Checkout Form (TPCF) are
as follows:

1. Reliability ratios of the form ZUE/{ZUE + ZUl) indicate
the probability of effective performance on a particular job
activity for the technician being evaluated.

2. The JPQ is an instrument for providing magnitude estimates
of ZUE and ZUI for each man being evaluated by his immediate
supervisor. -

3. The TPCF possesses a substantial degree of promise for
appraising the absoiute level of avionic technician proficiency.

4, There is some basis {triserial correlation of .38 with TPC
Tevel) to believe that the SRE is a reasonably good estimator of
on-the-job performance.

PURPOSE

The purpose of this research effort is to report on the data collection effort and
data reduction methods and analyses that have been performed for the Office of Naval
Research (ONR) under the project ertitled Personnel Technology: Relating Individual
Performance Effectiveness to Unit and Ship Effectiveness (Project Order Number:

PO 2-0046 NR 150-336). The goal of this research project is to provide an empirical
basis for assessing the utility to the Navy of a performance measurement technique de-
veloped under a prior ONR contract. Under that contract Dr. Arthur I. Siegel, Phiiip

J. Federman, and their associates of Applied Psychological Services, Inc., Wayne, Pa.,
developed fleet post-training performance evaluative measures which have potential value
for eventual widespread implementation within the U. S. Navy. The results of their study
were contained within the report - Development of Performance Evaluative Measures:
Investigation into and Application of a Fleet Post-Training Performance Evaluative
System [T16]. An outgrowth of that effort was the suggestion that the technigue be em-
pioyéE on a limited basis by a Navy laboratory to identify areas of modification upon
operational testing, In response to that recommendation the Naval Personnel Research
and Development Laboratory submitted a proposal to ONR to accomplish that task. Es-
sentially the research effort undertaken by NAVPERSRANDLAB was accomplished by repli-
cating the efforts of Siegel and Federman [16].

A second major objective of this research effort was to further develop the per-
formance measurement techniques of Siegel and Federman [16]. Furthermore, similarly
related performance measurement techniques were researched with a view towards possible
implementation of those techniques within the U. S. Navy.

DATA COLLECTION

The procedures employed in data collection for this project closely paralleled
thése employed by Siegel and Federman [16], with some modifications in the research
instruments. This procedure was adopted so that a similar statistical analysis on the
same type of population would permit some comparisons to be made between the results
of this research effort and the results obtained by Siegel and Federman [16].



Every effort had been made to minimize interfering with normal shipboard duties.
For this reason the data collection procedure centered upon the efforts of ship liaison
officers conducting the data collection aboard each ship. Appendix B contains a dis-
cussion on the procedures for the data collecticn reflecting various aspscts of the ef-
fort that resulted in the orderly and successful completion of the task.

Data Collecticn Instruments

An example of the performance evaluation forms that were completed by each super-
visor for each technician evaluated are given in Appendix A. The instruments ara
optical scanning forms, thus, making them machine-readable and more capable of being
placed in an operational mode. In particular the forms were:

1) Job Performance Questionnaire (JPQ) ANSWER SHEET

This form serves the same purpose as the JPQ discussed earlier,
i.e., to record estimates of the total number of uncommonly ef-
fective (IUE) and uncommonly -ineffective (ZUIl) performances the
supervisor has observed on each of the eight job activities for
each man he is evaluating.

2) Technical Proficiency Checkout Form (TPCF)
This form is essentially 1dentical tc the TPCF used by Siegel
and Federman [16].

3) Personnel Identification Information Form (PIIF)

This form was concerned with the background data of the man
being evaluated. It was completed in part by his supervisor
with the Administrative Officer providing the remaining informa-
tion.

Analyses Based on the Data Collection Effort

Employing the data collection {nstruments discussed in the previous section, per-
formance data were collected with the assistance of men and ships of Commander; Cruiser-
Destroyer Flotilla NINE (located at San Diego, California) and men and ships of Com-
mander; Cru1ser-Destroy§r Force Atlantic Fleet (located at Newport, Rhode Island, and
Boston, Massachusetts).”® The participating ships and type are shown in Table 1 along
with the number of men evaluated by rating and ship for each location.

Analyses Based on the Job Performance Questionnaire

A descriptive analysis of each of the performance estimators (SRE, PRE, GRE, and
WRE} derived from the Job Performance Questionnaire (JPQ) is presented in Figures 1, 2,
3, and 4 and in the form of histograms. Each of these histograms was developed on 949
technicians and based on the performance estimators which are continuous over the range
of 0.0 to 1.0, Class intervals are numbered from 1 through 21 where a given class inter-
val is of length ,05. Class intervals corresponding to each of the numbered intervals
are provided in Table 2. :

4For the interested reader Appendices C and D contain the instructions for the ship
liaison officer and the technician supervisor, respectively.

SHenceforth in this report Location No. 1 will refer to ships at San Diego, Calif.,
and Location No. 2 will refer to ships at either Newport, R.I., or Boston, Mass.
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69
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TABLE 2
CLASS INTERVALS FOR HISTOGRAMS

“Class Interval Lower Upper
Number Boundary Boundary
1 0.96 1.00
2 0.91 0.96
3 0.86 0.91
4 0.81 0.86
5 0.76 0.81
6 0.71 0.76
7 0.66 0.71
8 0.61 0.66
9 0.56 0.61
10 0.51 0.56
1 0.46 0.51
12 0.41 0.46
13 0.36 0.41
14 0.31 0.36
15 0.26 0.31
16 0.21 0.26
17 0.16 0.21
18 0.1 0.16
19 0.06 0.1
20 0.01 0.06
21 0.00 0.01

13




Further analysis of results on the JPQ ANSWER SHEET indicated a high frequency of
nonresponse in some job activities and ratings. The type of nonresponse that resulted
was for the case in which the man being evaluated did not work at the particular job
activity under consideration. Furthermore, there was also a significantly high pro-
pertion of men who, while they worked at the job activity being considered, received
ZUE = Q0 and ZUI = O from their supervisors. These observations required the con-
sideration of two {mportant areas relative to the JPQ.

Problems in Calculating Performance Estimates. As discussed in the Background
section of this report, reliability ratios of the form (ZUE/[ZUE + ZUI]) were derived
for each man on each of eight job activities and these ratios were combined to form
the SRE, PRE, and GRE. However, the following two cases require the adoption of some
convention 1n order to calculate the reliability ratios:

1) the technician did not work at that job aétivity, or

2) the technician received ZUE = Q and ZUI = 0 by the supervisor,
implying that the reliability ratio _ 0 1s undefined.
)

By observing the frequency with which such cases occur across all 21 ships partici-
pating in the project, 1t is possible to determine the extent to which any convention
for estimating performance in those cases would effect individual SRE, PRE, and GRE
values. A complete discussion of this effect s given in Appendix E. Summarizing,

the above two cases can have a dramatic affect upon the individual performance esti-
mates and these estimates will be greatly influenced by the convention that is adopted.

A Convention for Estimating Performance in Certain Job Activities. Siegel and
Federman L16] empioyed ... the average value for his rating on his ship ...", (p. 28},
on those job activities which the technician did not work at or received TUE = 0 and
ZUI = 0 by his supervisor. Unfortunately the results of the data collection effort at
Location No. 1 (Destroyer Flotilla NINE) and at Location No. 2 (Cruiser-Destroyer Force
Atlantic Fleet) indicated that this tec!iique was not feasible.

In order to overcome this problem, the convention adopted in this report was to
employ a composite reliability value across all shirs at a location for each job ac-
tivity and rating. Appendix F discusses the proce-..re for deriving the composite re-
1iability values, as employed in this report.

Analyses Based on the Technical Proficiency Checkout Form

Table 3 represents the numbers of men at each of the three TPC levels by rating
and ship and across each rating and ship at Location No. 1. Table 4 reflects the same
information for Location No. 2. It will be remembered that level 1 reflects an “above
desirable" proficiency level while level 3 reflects a "below minimaily acceptable"
proficiency level.

In addition to the TPC levels, TP scores were developed. A histogram of the re-
sulting TP scores for the 949 technicians evaluated {s presented in Figure 5. Almost
jdentical histograms of TP scores were obtained for data collected at the two locations.
Hence, only one histogram {s presented.

60n every ship sampled at those locations there were ratings for which in some job
activities those two cases occurred for all men in that rating. Appendix F provides a
detailed account of this problem for the interestad reader.
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TABLE 3
NUMBER OF MEN AT EACH TECHNICAL PROFICIENCY CHECKOUT (TPC) LEVEL

Location No. 1

SHIP
TPC EACH
RATING LEVEL 1 2 3 4 5 6 7 8 9 10 1 RATING
1 4 5 4 2 1 4 5 3 2 5 3 38
EM 2 1 1 0 1 1 1 ! 2 2 0 2 12
3 1 0 1 1 1 0 0 0 0 0 0 4
1 4 6 7 9 7 8 17 8 5 8 7 86
ET 2 2 2 3 1 2 1 9 2 0 0 1 23
3 1 0 0 2 0 1 3 1 0 0 1 9
1 5 10 310 8 8 6 2 2 5 0 59
FT 2 2 5 0 0 0 3 3 0 3 0 0 16
3 0 1 2 1 0 1 3 1 0 y 0 13
1 2 2 2 5 1 3 4 2 1 2 2 26
ic 2 1 0 1 1 1 2 1 0 0 3 n 10
3 1 1 1 0 1 0 1 0 0 0 1 6
1 0 0 0 0 0 0 0 0 0 1 0 1
RD 2 1 1 1 0 1 0 0 8 0 3 0 15
3 4 9 8 5 8 7 0 1 5 713 67
1 1 7 0 0 4 4 1 5 0 0 25
RM 2 1 i 8 0 8 2 3 5 0 2 8 33
3 3 1 0 5 1 0 3 3 0 9 3 28
1 4 7 7 6 3 6 0 4 5 5 5 52
ST 2 1 2 0 1 2 0 0 6 0 4 4 20
3 0 0 2 1 3 3 0 0 0 0 2 11
1 2 1 0 2 1 2 4 1 0 2 2 17
™ 2 1 0 0 0 0 0 3 0 0 0 0 4
3 0 0 1 0 0 0 6 0 0 0 0 7
EACH 1 22 33 30 34 21 35 40 21 20 28 19 304
SHIP 2 10 15 5 v 17 9 20 23 5 12 15 133
3 10 12 15 15 14 12 16 6 5 20 20 145
Q 15
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TABLE 4 -
NUMBER OF MEN AT EACH TECHNICAL PROFICIENCY CHECKOUT (TPC) LEVEL

Location No. 2
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RATING
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APPROACH

An approach to the statistical analysis of the data involved the selection of ap-
propriate analyses within four general areas:

1. The validity of the performance estimators SRE, PRE, GRE, and
WRE with respect to a selected criterion measure.

In order to determine the validity of the four performance es-
timators (SRE, PRE, GRE, and WRE) for predicting on-the-job per-
formance of the electronics maintenance personnel involved in the
research effort, the results of the TPCF were used as a criterion
measure of absolute technician proficiency. The belief that the
TPCF reflects the on-the-job performance of electronics maintenance
personnel must rest to a large degree upon ra2lated results of prior
research efforts. In particular, from references that were cited in
the section Validation of Performance Estimators.

Initially, in order to determine the degree of association between
the performance estimators (SRE, PRE, GRE, and WRE) and the selected
criterion variable (TPC level), triserial correlation coefficients
were developed by locition. Due to the extreme skewness of the dis-
tribution of the underlying continuum (represented by TP score, see
Figure 5}, a test of normality of TP score was executed to determine
the appropriateness of triserial correlation. This resulted in the
choice of a curvilinear regression analysis as a better approach for
validating the performance estimators by location and subsequently
by rating with 7P score as the continuous criterion measure.

2. An evaluation of technician job competency as determined or
implied by the TPCF.

The appropriateness of the job tasks represented on the TPCF
was approached by developing a frequency table of men CHECKED OUT
and NCT CHECKED OUT by rating on each job task. The agreement
of each ‘job task to the hierarchial classification of the tasks
provided some indication of the extent to which it was still
applicable to electronic maintenance activities. A more de-
tailed analysis of the TPCF that included the development of
sample conditional and joint frequency tables allowed the
development of a procedure for determining technician job
competency within a rating. Furthermore, these analyses re-
vealed areas of suggested modifications of the TPCF prior to
its implementation.

3. Multiple comparisons between ratings or ships with respect to
their average performance levels.

The approach amployed in this report to develop comparisons
between ratings and between ships was an additive model suggested
by a two-way fixed effects analysis of variance witi {nteraction.
This required the selection of the appropriate variable, from
among SRE, PRE, GRE, WRE, and TP score, upon which to base the
comparisons. The variable selected was the one which best met the
statistical requirements, i{.e., normality of the variable, homo-
geniety of variances over the main effects, and independence of
ship, rating, and cell observations.

4. Degree of association between various demographic variables
and the performance variables.
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From the demographic information collected on the Perscnnel
Identification Information Form [PIIF), product-moment cor-
relations between the demographic variables, and the perform-
ance estimators (SRE, PRE, GRE, WRE, and TP score) were developed.
This same approach was applied to each of the eight jeb activities
in order to determine if any job activity related to a particular
demographic variable.

These areas are the most rewarding in the sense that they would provide some in-
sight into the merits of the performance measurement technique being researched and of
the implications for its appiication within the U. S. Navy.

RESULTS AND DISCUSSION

Validity of the Performance Estimators

Triserial Correlation Analyses

Initially sample mean reliabilities were developed for each of the four performance
estimators (SRE, PRE, GRE, and WRE) for each TPC level. The mean reliability values are
the average values of the performance estimators in the TPC levels, therefore, the mean
values would be expected to be smaller for a lower proficiency level. The results of
this phase of the statistical analysis are presented in Table 5 for technicians at those
ships sampled at Location No. 1, Location No. 2, and combined locations.

Employing the results of Table 5, triserial correlation coefficients were devejoped
between each of the performance estimators (SRE, PRE, GRE, and WRE) and Technical Pro-
ficiency Checkout (TPC) level for technicians sampled at each location and combined lo-
cations. Table 6 presents the resulting triserial correlations.

Comparing the locations, particularly with respect to the SRE, PRE, and GRE, only
the triserial correlation coefficients for data collected at Location No. Z agree with
Siegel and Federman's prior results [16]. This observation required a consideration
of the appropriateness of triser{ial correlation to the data collected in this prroject.

Appliication of the triserial correlation coefficient involves the following re-
quirements:

a) the segmented variable is basically continuous and normally
distributed; and,

b) all the segments which together would form a whole normal
distribution are present.

Consider again the histogram in Figure 5. Recall that the variable, Technical
Proficiency score (TP score), was segmented into one of three levels of technician
praoficiency. This histogram represents the entire distribution of the segmented
variable, which may be taken as continuous ‘and is clearly negatively skewed. A
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TABLE 5
MEAN RELIABILITIES

Location No. 1

Mean Relfabilities in Each TPC Level

TPC LEVEL N SRE PRE: GRE WRE
1 303 .351 .597 .931 .657
2 134 .33 .553 .919 .566
3 145 .427 .625 .923 .557

Location No. 2

Mean Reliabilities in Each TPC Level

TPC LEVEL N SRE PRE GRE WRE
1 193 . 361 .629 .947 .642
2 96 213 .380 .928 .557
3 78 141 .338 .878 .502

Combined Locations

Mean Reliabilities in Each TPC Level

TPC LEVEL N SRE PRE GRE WRE
1 496 .355 .608 .937 .651
2 230 . 283 .483 .923 .562

3 223 . 328 .524 .07 .538
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TABLE 6
TRISERIAL CORRELATION ANALYSES

Performance Estimators

N SRE PRE GRE WRE
Location No. 1 582 -0.080* -0.015 0.031 0.256*
Location No. 2 367 0. 340% 0.335* 0.235* 0.335*
Combined Locations 949 g.061 0.122% 0.099* 0.283*

*Significantly different from zero at the o = .05 level.
goodness of fit test for normality [5 ] was applied to the distribution of TP sgores of
the 949 technicians. This test statistic will be called the gy test statistic.

When the gy test statistic was applied to the sample data of TP scores, the re-
sulting test statistic values were

91 = -.5123, implying z = 6.4632.
Therefore, the assumption of normality for TP scores must be rejected frr the sample

data collected on the population of electronics maintenance personnel {949 technicians
in the sample).

“The g; test statistic is given by g, = “/E-EIX - Y)?

where X represents an observation, X the sample mean, and N is the sample size. If
the null hypothesis is that the underlying distribution is normal,

then it has been shown [5 ] that z = 9 (N+1) (N+3)
6(N - 2)

is approximately normal with mean zero and variance one. In fact a test of the
hypothesis that the underlying distribution is normal (at the e = .05 level of signfi-
cance) {s given by:

reject the null hypothesis of normality if
2z 1s greater than 1.96 or less than -1.96.

This particular goodness of fit test has several advantages over the usually ap-
plied Kolmogorov-Smirnov tests or the well known Chi-square tests in that, in particular,
the population mean and standard deviation need not be known and the test need not be
applied just to large samples. Furthermore, this test is more sensitive to departurzc
from normality due solely to skewness than the other two tests [5].
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The g, test statistic was a’so applied to the distribution of TP scores at either
location. The test statistic values were gy = -.4930, z = -4.8810 and gy = -.5473,
2 = -4.3156 at Location No. 1 and Location No. Z respectively. Therefore, at both
locations the assumption of normality of TP scocres must be rejected. These results
were verified by the histograms of TP scores for those locations. In both cases these
histograms demcnstrated the negative skewness of the distributien of TP scores.

Curvilinear Regression Analysis

Essentially due to the non-normality of the TP scores, an alternate analysis was
employed in order to determine the degree of assoclation between the predictor vari-
ables (SRE, PRE, GRE, and WRE) and criterion variable (TP score). The particular pro-
cedure to be employed to achieve this end was a curvilinear multiple regression pro-
cedure outlined in Cooley and Lohnes [3]. A few remarks on this stbject for the
purposes of this report have been provided in Appandix G,

Appendix H provides the results of the analyses of these predictor and criterion
variables for the total of 949 technicians sampled. Similar results as found in Ap-
pendix H were alsc developaed for Location No. 1 and Location No. 2. Although those
printouts are rnot presented in this report, the essential information from those
printouts 1s given in Table 78 along with the essential information from Appendix K.

Consider Table 7 and the evaiuation of SRE as a predictor of TP score for the two
locations combined. The product-moment correlation beiween SRE and TP score is .055
(not significantly Jifferent from zero at the o = .05 level). In attempting to fit a
1inear, quadractic, and cubic model _to the data of SRE values and TP scores, the
multiple correlation coafficient (Rz) values were 003, .007, and .043 respectively.
However, in view of the fact that the residual mean square does not change from the
1inear ;o cubic mode, t would be Just as well to chose the linear model (particularly
since R+ for the cubic equation is not significantly larger than .007). Therefore,
7rom Appendix H, the best regression eguation is

TP score = 5.219 + 0.397 SRE.

Because SRE and TP score are essentially independent, the best estimate of SRE will
always be the mean ¢T the observed TP scores, regardless of the observed SRE. This
result i1s further reflected in noticing that the sample mean TP score is 5.350, ap-
proximately equal tec 5.219 - the-TP score intercept of the regrassion line.

Observing the results of Table 7 for the predictor variables PRE and GRE on the
two locations combined, only minimal {mprovement can be made with these estimates over
the SRE. In fact the GRE 1s almost identical to the SRE and for practical purposes
cannot be held to possess significant merit. The PRE is modestly better with a cor-
relation of .1, However, for the PRE, Ehe highest R value does not even reach .05,

a long way from a perfect fit with an R¢ value of 1.0. Based upon this analysis, PRE
must be termed only slightly better than the SRE and GRE.

The WRE provides the most promising and consistent (over locations) estimator of
the four predictors considered. It is most promising in the sense that it provides

8A1l of the computer printouts on the curvilinear regression procedure employed
in this report are in terms of “centered data.” This technique improves the computation
of the printout values by minimizing roundoff ervors. Therefore, when reviewing the
results of Table 7, one must be concerned with tne relative magnitude of the residual
mean square in attempting to fit a Tinear model versus fitting a higher order model.
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TABLE 7
CURVILINEAR REGRESSION ANALYSES BY LOCATION+

Location No. 1

Type of Curve

Predictor Linear Quadratic Cubic

Variable rxy RZ s2 RZ s2 R2 s2
SRE -.069 .005  .002 .007. .002 .072 .002
PRE ~.009 .000 .002 .043  .002 .047  .002
GRE .024 .001  .002 .003  .002 .004  .002
WRE .242% .058  .002 .058  .002 .062 .002

Location No. 2

Type of Curve

Predictor Linear Quadratic Cubic

Variable rxy R2 JE. R2 52 R2 2
SRE .288* .083 .003 .083  .003 .090 .003
PRE 277% .077 .003 .078 .003 .00 .002
GRE 212% .045 .003 .047  .003 .052  .003
WRE .292% 085  .003 .085 .003 .089 .003

Locations Combined

Type of Curve

Predictor Linear Quadratic Cubic
Variable ny R2 §2 R2 SZ R2 s2
SRE .055 .003  .001 007 .001 .043 001
PRE .100* 010  .001 .036 .001 036 .001
GRE .087* .008 .01 .008  .001 .009 .001
WRE .257* .066  .001 .066  .001 071  .001
+R2 = riy in the linear case.

*Significantly different from zero at the o = .05 level.

ryy = product-moment correlation coefficient between the predictor
variable x and the criterion variable y (TP score).
1 RZ = multiple correlation coefficient.
O
ERIC s2 = residual mean square
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the highest product-moment correlation coefficient with the selected criterion variable,
TP score. However, it cannot be said that it better fits the data than any of the other
three estimators with respect to the three types of curves considered.

The curvilinear regression for the predictor variable WRE, Appendix H, page H-6,
indicates that a linear curve is the best fit to the data. The regression equation is
given by

TP score = 3,571 + 2.95 WRE.

In comparison to the other estimators the WRE can be said to possess moderate validity
at best for appraising an absolute level of technician performance. As such its ap-
plication to the porulation of electronics maintenance personnel is tenuous.

Analyzing the results at either location again points out the differences between
the results obtained at eifher location. However, this is due mainly to a difference
in Py values and not to R¢ values for goodness of fit of the 1inear, quadratic, and
cubic'models from one location to the next. This may be due to the high degree of un-
explained criterion variance in the data at either location and with respect to the
locations combined. Scatterplots of the data in those three cases with respect to
each predicter variable verified the high degree of dispersion in the data and the lack
of any obvious pattern or functional relationship in those plots.

Within Rating Analyses

A factor that may influence the frequency with which a population does not work
at a particular job activity is, of course, the appropriateness of the job activity to
present-day electronic maintenance activities. The most homogefneous type of sub-
population that would reflect most members of the subpopulation working at the same
job activities should be rating. It is mainly for this reason that the subpopulations
considered in this report are ratings, and not, for example, ships within locations
which should (and did? reflect results similar to those found in Appendix H. 1In order
to perform the most general type of analysis to determine the validity of the perform-
ance estimates, a curvilinear regression analysis as previously discussed and employed
in Appendix H was applied per rating for each of the four predictor variablas - SRE,
PRE, GRE, and WRE. Appendﬁx I gives the resulting 32 printouts of the Cooley and
Lohnes [ 3] curvilinear regression analysis. The object is to select for each rating,
the best of three possible curves - linear, quadratic, and cubic - for each performance
estimator which best fits the data in terms of significantly larger multiple correlation
coefficients for smaller residual mean squares. Comparisons between the performance
estimators may then be made by performing an appropriate test of hypothesis of the equality
of two correlation coefficients (or multiple correlation coefficients). The test that
is usually applied is the “Fisher's 2" test which employes the asymptotic distribution of
the sample correlation coefficient. However this test requires that the distributions
of the underlying populations are bivariate normal (see Anderson [1], page 78). Because
the distribution of TP scores and the SRE, PRE, and GRE were not normaily distributed
with respect to the individual ratings, the appropriateness of employing this test is
in question. Furthermore the Titerature seems to be vacant of a discussion of the
robustness of the test. Therefore the approach must be in terms of comparing the observed
sample product-moment correlations, and, in particular, on the amount of criterion
variance explained by the variables. This approach will not necessarily produce a
statistically significantly different performance estimator but one which is a more
promising estimator, in terms of the sample information.

The following outline represents the essential results of the curviiinear regres-
sjon analyses presented in Appendix I. The results are presented by rating in Tables
8 through 13 together with observations and recommendations.
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TABLE 8
EM CURVILINZAR REGRESSION ANALYSES (N = 97)

Type of Curve

Predictor Linear Quadratic Cubic

Variable ny RZ S2 R2 §2 R2 2
SRE . 335*% 135 .009 L136  .008 176 .009
PRE . 247 .061  ,010 .133  .009 113 .009
GRE L301* .080 .010 .154  ,009 .221 .008
YRE .492* .242  .008 e84 ,008 .300 .008

+ Xignificantly different from zero at the o« = .05 level.

1. EM rating - Clearly the estimator WRE demonstrates the best fit
to the data. The product-moment correlation of .492 indicates at
least a fair degree of association of the WRE with the technician's
absolute performance level. (Although the R® value is significantly
better for the cubic curve over the other two curves, the value of
.300 in that case can only indicate a moderate fit of the cubic curve
to the data.

TP score = 4.849 - 15.571 WRE + 44.319 WREZ - 26.561 WRE3.

The other estimators do not demonstrate a better fit to the data
than the WRE. In view of this and other considerations (e.g., the
examination of the scatterplots), the WRE is recommended for appiica-
tion in this rating for those situations in which the probability of
effective performance of an individual in the EM rating is required.

TABLE §

ET CURVILINEAR REGRESSION ANALYSES (N = 173)

Type of Curve
Predictor Linear Quadratic Cubic
Variable rxy R2 2 r2 2 RZ S2
SRE .318* .101  .005 142 005 -142 005
PRE .J66* 134 .005 .135 ,005 .i35 .005
GRE .508* .258  .004 266  .004 271 004
WRE .445* .198  .005 .209  .005 .210  .005

*Significantly different from zero at the o = .05 level,
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2. ET rating - For this rating two significant estimators arise, the
GRE and WRE. The WRE is still a promising estimator even though it

has a lower product-moment correlation than the GRE (.445 versus .508)
and does not fit the data as well. The GRE values may be spurious
observations for this rating for it is not significantly higher in

any other rating. However, without evidence of this fact it is recom-
mended that either the GRE or WRE be employed in this rating. Further-
more, the values of the product-moment correlations for those esti-
mators reflect at least & moderate degree of association with TPCF
results.

Because the R2 values do not change appraciably from one type of
curve to the next, it is recommended that the linear model be em-
ployed for prediction purposes in either case. The linear curves
are:

2.29 + 4,08 GRE, and
4.344 + 3,79 WRE.

TP score

TP score

TABLE 10
FT CURVILINEAR ReGRESSION ANALYSES (N = 154)

Type of Curve

Predictor Linear Quadratic Cubic

Variable rxy R2 S2 RZ S2 R2 S
SRE .346% 119 .006 .120 .06 120 .006
PRE .265% .070 .006 .100 .006 .104 .00€
GRE .374* .140 .006 .148 .006 .165 .0n6
WRE .430* .185 .005 .200 .005 .204 .005

*Significantly different from zero at the a = .05 level.

3. FT rating - This rating agair illustrates that the WRE is the
most promising estimator. In fact it is almost identical to the
results obtained for the ET rating and the WRE, The product-moment
correlation of .43 refiects a Qoderate degree of association with
the criterion variable. The R¢ value of near .2 ctjl1l illustrates
a significant degree of unexplained criterion variance in the data.
It s again suggested that the linear model:

TP score = 3.366 + 4,635 WRE
be employed in this rating. The linear model fit is modest (R2 = ,185)

but the WRE possesses sufficient promise to be called a good esti-
matar of FT technician proficiency.
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TABLE 11
IC CURVILINEAR REGRESSION ANALYSES (N = 58)

Type of Curve

Predictor Linear _Quadratic Cubic

Variable Pxy Ré 52 Y2 2 R2 2
SRE .361* JA31 .016 L3106 133 .016
PRE .322% .104 .016 131 . .016 134 .016
GRE .387* .149  ,015 154,015 L1689 .015
WRE .434% .188  .014 .241  .014 .292  .013

*Significantly different from zero at the a = .05 level.

4, IC rating - Unfortunately the sample size (N = 58) for this rating
is tos Tow to place coenfidence in the obtained correlation coefficient.
However, the WRE must be selected as the most valid estimator on all
counts. The cubic model

TP score = -7.57 + 68,26 WRE - 113.95 WREZ + £3.03 WRES
is suggested for use in this rating and is a moderate estimate of TP
score. The residual mean square is high for this rating only because
of the small sample size. In any event this rating reflects the

general trend that we have been witnessing and, thevefore, the WRE
may be employed in this rating.

TABLE 12
RD CURVILINEAR REGRESSION AVALYSES (N = 139)

Type of Curve

Predictor Linear Quadratic Cubic

Variable rxy %2 §2 R2 <2 R2 .2
SRE -.168 .028  .007 .093  .007 131 .006
PRE -.215* .046  .007 .046  .007 .093 .007
GRE .021 .000 .007 .013  .007 .04~ .007
WRE -.051 .003  .007 .021 .607 .041 .007

*Significantly different from zero at the o« = .05 level,
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5. RD rating - None of the four estimators that have been dis-
cussed in this report should be employed in the RD rating. In
part the failure of the estimators in this case must be attributed
to the significantly high frequency with which individuatls 1n

this rating do not work at the job activities that were used on
the evaluation forms.

TABLE 13
RM, ST, AND TM CURVILINEAR REGRESSION ANALYSES

Tvpe of‘Curve

Predictor Linear Quadratic Cubic
2
variable rxy ;;? §2 R2 S2 r2 32

RM Rating (N = 137)

SRE L211* .044  .007 .057  .007 .068  .007
PRE .156 .024  .007 .028 .007 031 .o07
GRE .041 .002 .007 .140  .006 .139 006
WRE .366* 134,006 .183  .006 .154  ,006

ST Rating {N = 152)

SRE .199* .040  .006 .069 .006 .069  .006
PRE .058 .003 .o07 .003 .007 .102  .006
GRE .099 010  .007 .134  .006 .178  .006
WRE .234% .055  .006 .080 .006 .123  .006

TM Rating (N = 39

SRE .198 .039  .026 L1289 .024 217,022
PRE .243 .059  .025 .094 ,025 .153  .024
GRE .186 .035  .026 035  .027 .085  ,026
WRE .403* 162 .023 JA77 0 .023 .224  .022

*Significantly different from zero at the o = .05 level.
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6. Rating RM, 5T, and TM - The results for these ratings are almost
identical and can be discussed as a group. In every case the WRE

{s the best estimator of TP score. The product-moment correlations
aEe low for the RM and ST ratings, and moderate for TM's. A1l of the
R¢ values demonstrate a poor fit to the data, indicating an even
higher degree of unexplained criterion variance than that found in
the EM, ET, FT, and IC ratings. It is recommended that the cubic
curve be employed 1n the ST and TM rating and a linear curve for

the RM rating. The corresponding equations may be found from the
computer printout of the curvilinear regression for those ratings
(pages I-26, I-30, and I-34 respectively). However, the utility

of thelr use as prediction instruments has not been convincingly
demonstrated,

Technician Job Comgétency Evaluation

As hypothesized in the discussion on the validity of the performance estimators
SRE, PRE, GRE, and WRE, the TPCF could be empioyed as a criterion measure of the ab-
solute proficiency level of electronics maintenance personnel. That the TPCF pos-
sesses that characteristic was evaluated by Siegel and Fischl [17] for avionics
technicians and at that time the TPCF possessed a substantial degree of promise.
Siegel and Federman [16] applied the TPCF when appraising the proficiency level of
electronics maintenance personnel and 1n evaluating the SRE, PRE, and GRE.

Due to the high degree of reliance on the TPCF as a criterion measure, it is well
to investigate the TPCF and consider whether some of its properties seem to hoid up for
the data collected in this project. The appropriateness of the job tasks on the TPCF
for present-day electronic maintenance activities can be considered, by rating. Further-
more, are the job tasks listed in the same hierarchial order as when originally developed?
While i1t may not be possible to completely answer questions of this type, it is possible
to give at Teast a partial answer based on the present format of the TPCF. By using
the properties of the TPCF it is possible to develop a competency level for technicians
in each rating and determine whether a particular rating may be performing at a certain
proficiency level.

Job Task Analyses

The reader will recall that the job tasks listed on the TPCF are ordered with Job
Task No. 1 being the easfest and Job Task No. 8 the most difficult. The following is
a Tist of the job tasks as found on the TPCF:

Task Description

(easiest) %. Capable of employing safety precautions.

e
.

Capable of replacing mcst of unit's equipment.

w

Capable of removing most of unit's equipment,

E-

Capable of following block diagrams.

5. Capable of knowing relationship of equipment to other
related equipment,
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6. Capable of calibrating most of unit's equipment.
7. Capable of trouble-shooting/isolated malfunction(s).

(most 8. Capable of employing electronic principlies involved in
difficult) ma‘ntenance.

Table 14 is the frequency of occurrence of men CHECKED OUT and NOT CHECKED OUT by
rating over the eight job tasks without reference to their performance on other job tasks.
For example, of the 97 men in the EM rating, 95 were CHECKED OUT on Job Task No. 1, 87
were CHECKED OUT on Job Task No. 2, ..., and 55 were CHECKED QUT on Job Task No. 8.
Simitarly, for the other ratings.

From Table 14 the hierarchial difficulty of tasks is generally represented in the
EM, ET, FT, IC, ST, and TM ratings. This {is evidenced by the fact that one would expect
progressively fewer men to complete & more difficult task. Except for the ST rating,
Job Task No. 6 - Capable of calibrating most of this unit's equipment with which his
rating 1s concerned - seems out of ptace in that fewer {ndividuals are CHECKED OUT on
this task than the next more difficult task, Job Task No. 7. In fact the better position
for Job Task No. €& would be after Job Task No, 8. In that case the job tasks weuld fol-
Tow more closely a hierarchial classification. .

In any event 1t can be said that Job Task No. 6 is no longer of such prominence as
originally thought. This {s a result of the introduction of more sophisticated elec-
tronic equipment aboard ships in recent years. This equipment frequently consists of
integrated circuitry and compact electronic modules requiring 1ittle if any calibration.
Furthermore, test instrumentation calibraticn is also in demise because less test equip-
ment is being employed. Normally a defective component is replaced en toto without

regard aboard ship for finding the particular fault in the compenent. Those functions
are beyond normal shipboiurd electronic maintenance activities.

In the RD rating there are a significant number of individuals NOT CHECKED OUT on
many of the tasks. Thls is probably due more to a nonapplicability of those tasks to
that rating than to a lack of sufficient training. This is to a degree verified by the
findings in Appendix E where it was demonstrated that for most job activities there are
a very high proportion of individuals in that rating who either do not work at the job
activities or received LUE = 0 and ZUL = 0 from their supervisor. It is possible that
the nonapplicability of many of the tacks to the RD rating did give erroneous TP scores
for this rating and depressed the validity coefficients (see Table 12}. A more detailed
study than the present one would be required to come to a definite conclusion on this
issue.

As shown in Table 14 and the RM rating, Job Tasks 2 and 4 are not in agreement with
the underlying order of job tasks, but Job Task No. 6 is in a proper position for this
rating, It seems that a reordering of the first five job tasks on the TPCF would allow
this instrument to be more applicable to this rating. It would probably require a
minor research effort to revise the tasks in the RM rating.

gIt is important to note that none of the conclusions of previous sections would be
altered with this modification because the TP score {or TPC level) is independent of the
hierarchial classification. Those variables are dependent only upon the number of job
tasks an individual was CHECKED OUT on, and not upon the order of the CHECKED OUT tasks.
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TABLE 14
JOB TASK ANALYSES

Job Task
Checked
Not Checked

Job Task
Checked
Not Checked

Job Task
Checked
Not Checked

Job Tash
Crecked

Not Checked

Job Task
Crecked
Not Checked

Job Task
Checked
Not Checkeg

Job Task
Checked
Not Checked

Job Task
Checked
Not Checked

to.
Qut
Qut*

Out
Out

Out

Jut

No.
Out
Out

—_

95

168

148

57

135

144

38

EM Frequencies
2 3
87 87
i1 i0
ET Frequencies
2 3
147 164
26 9
FT Freguencies
2 3
125 134
29 20
IC Frequencies
2 3
45 43
13 9
RD Frequencies
2 3
27 38
112 101

2
88
49

118
34

3N

RM Frequencies
3
100
3?7

ST Frequencies
3
1s
33

T™M Frequencies
3
32
7

(N
4
77
20

N
4
165
8

"=
4

143
1

(K =
4
44
14
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*The reader is cautioned that a score of NOT CHECKED OUT on a task does not dif-
ferentiate between whether a technician really cannot be trusted with doing the task
on his own without direct supervision or whether he was given a score of NOT CHECKED

OUT because he does not work at that task.
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Aruitoxt provided by Eic:

31



Conditional Frequencies for Job Tasks

Appendix J provides tables of a more detailed analysis of some observations on the
TPCF. In particular the Job Task Conditional Frequency is given by rating; i.e., for
2 given task, the number of individuals who were CHECKED OUT on each easier task given
they were at most CHECKED QUT on the given task. Those tables should provide more in-
sight into the hierarchial classification of the job tasks and aiso a relative level of
technician competency by rating.

To 11tustrate the use of the tables prepared 1n Appendix J, consider Table 15. This
table represents the Job Task Conditional Frequencies for the EM rating as can be found
in Appendix J, page J-4.

TABLE 15

EM RATING CONDITIONAL FREQUENCIES (N = 97)

Job Task

8 7 6 5 4 3 2 1
55 46 33 50 50 56 -+ 52 55
17 4 13 14 17 17' 17
6 6 5 5 4 6

6 5 6 6
3 3 3 3
6 5 6
0 0
2

The number of men that were not checked out on any job
task is 2,

From the first row of Table 15, 55 of the 97 EM's were CHECKED OUT at most on
Job Task No., 8. Of those 55 men, 46 were also CHECKEG QUT on Job Task No. 7 (the next
easier task), 33 were CHECKED OUT on Job Task No. 6, ..., and finally all 55 men were
CHECKED QUT on Job Task No. 1 (the easiest task). Continuing, from the second row of
the Conditional Frequency table, 17 of the 97 EM's were CHECKED OUT at most on Job
Task No. 7 (i.e., none of those 17 men were CHECKED OUT on Job Task No. 8). Again,
of those 17 men, 4, 13, 14, 17, 17, and 17 were also CHECKED OUT on Job Task No.'s
6, 5, 4, 3, 2, and 1 respectively. Finally, only 2 men were CHECKED OUT on Job Task
No. 1, 1.e., none of those 2 men were CHECKED OUT on a more difficult task. Also,
there were 2 men in the EM rating that were not CHECKED OUT on any of the eight tasks.
Clearly then one would expect any row of a Cond{tional Frequency table to contain al-
most identical entries, i.e., if the job tasks are truly hierarchial and representative
of tasks in that rating.




Consider now Apperdix J, page J-4, and the Conditional Frequeicy table. From the
first two rows of that table, most of the EM's CHECKCD OUT at most on Job Tasks 7 and
B were also able to complete the easier tasks, except for Job Task no. 6. Again, that
task 1s very much out of place in the order of job tasks. There is ¢ low degree of in-
competence present for 13 percent of the EM's could be CHECKZD QUT zt most on no more
than Job Task No. 4. However, it must be realized that thi(s resuit could also be due
to the possibility that many of those individuals simply do not work at a more difficult
task than Job Task No. 4.

The ET, FT, ST, and TM ratings (Appendix J, pages J-5, J-6, J-10, and J-11 respec~
tively) demonstrate practically the same results for the Conditional Frequency tables
as the EM's. For those ratings 8, 10, 9, and 13 percent were CHECKED OUT at most on no
more than Job Task No. 4 respectively. The IC, RD, and RM ratings demonstrated 21, 30,
and 17 percent. These remarks illustrate the practicajity of the TPCF as an instrument
for evaluating the competency level of particular ratings and for isolating those job
tasks requiring further training by electronic maintenance techricians.

It is to be noted that as in the EM rating, Job Task No. 6 is inconsistent in most
of the other ratings with respect to its proper order in the eigtt job tasks.

Joint Frequencies for Job Tasks

Appendix J also provides the Jub Task Joint Frequencies by rat>ng. For each rating
this is the number of individuals who were CHECKED OUT on any two given tasks. Use of
the Joint Frequency tables is illustrated by Table 16,

TABLE 16

EM RATING JOINT FREQUENCIES (N = 97)

1 2 3 4 5 6 7 8
95 87 87 77 75 43 63 55
87 84 73 70 40 63 52

87 71 69 40 62 50

77 69 40 56 50

75 42 56 50

43 35 33

63 46

55

From the first row of Table 16, 95 of the 97 EM's were CHECKED OUT on Job Task No.
1, 87 {of the 97 EM's) were CHECKED OUT on both Job Task No.'s 1 and 2, 87 were CHECKED
OUT on Job Task No.'s 1 and 3, ..., and 55 (Of the 97 EM's) were CHECKED OUT on Job
Task No.'s 1 and 8. Similariy, from row 2 of the Joint Frequency table, 87 (of the 97
EM‘s) were CHECKED QUT on Job Task No. 2, while 84, 73, 70, 40, 63, and 52 (of the 97
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EM's) were CHECKED OUT on both Job Task No. 2 and Job Task No. 3, 4, 5, 6, 7, and 8
respectively. It 1s well to note that the diagonal entries of this table corresponds
exactly to the frequency entries for the CHECKED CUT case given in Table 14.

Just as in Table 15 on the Conditional Frequencies one would expect that any row of
that table to have almost identical frequencies, in a Joint Frequency table one would
expect any column to contain identical frequencies. For example, completion of Job Task
No. 5 should also insure completion of Job Tasks 1, 2, 3, and 4. Likewise, the rows of
the Joint Frequency tables should {1lustrate decreasing frequencies for being CHECKED
OUT on a task does not insure being CHECKED OUT on a more difficult task.

From the Joint Frequency tables {Appendix J, pages J-4, J-5, J-6, J-7, and J-11)
for the EM, ET, FT, IC, and TM ratings respectively, the previously menticned patterns
that are {llustrated by a Joint Frequency table are demonstrated except for Job Task
No. 6. This is consistent with the analysis on the Conditional Frequency tables. The
ST rating conforms almost exactly to the expected patterns for a Joint Frequency table.
Unfortunately there are a few instances in which the Conditional Frequency table for that
rating deviates from the expected pattern. In any event the task descriptions on the
TPCF are very descriptive of the ST rating job tasks.

Tha RD rating Joint Frequencies (page J-8) illustrate the general lack of patterns

characteristic of a Joint Frequency table. The RM rating Joint Frequencies (page J-9)
more closely conform to the desired patterns but still leave something to be desired.

Multiple Comparisons ¢f Ships and Ratings

From either a research or applied point of view it is often necessary to compare the
performance levels of various ships or ratings. Such comparisons may be empioyed to com-
pare ships {or ratings) relative to mean performance levels. However, such comparisons
can also offer a basis upon which to formulate a decision as to whether a particular
ship configuration of men and/or equipment is, or is not, detrimental to ship/rating
performance. In & similar fashion, policy making decisions also can be evaluated with
respect to their influence on the performance of ships or ratings affected by that policy.

In this section the main subject of concern will be the development and justification
of a technique fo performing pairwise comparisons between ratings and between ships on
the basis of mear performarce levels with respect to some variable. The variables to be
considered are tlie SRE, PRE, GRE, WRE, and the selected criterion variable TP score. 1In
general this subject falls under the area of multiple compariso?a arising from an Analysis
of Variance (AOVi of ship/rating effects. The particular model'V to be considered will

be a two-way fixed effects design with an unequal number of observations for the ship/rating

101+ {5 assumed that each observation yijk on the kth individual in the 1th ship in
the jth rating is due to an overal; effect (uY, a ship effect (a3), and a rating effect
(BJ). Furthermore, a general mode; addresses the question of the existence of significant
row-column interaction (644} upon each observation. In particular this report addresses
the additive mcdel of the éorm

Yyge = v F o B3+ 855 + eg5p

where ej sy 1s an error term associated with the above model. In this situation it is a
two-way ¥ixed effects design with an unequal number of observations in the 1-jth cell.
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combinations {see Table 1). Choice of this model requires the verification of normality
of the selected performance variable over the main effects, homogeneity oT the variances
of the main effects and independence across and between the main effects. T The main
effects are "ships" and "ratings.® That performance variable to be selected for per-
forming the multiple comparisons will, most naturally, be the one which best conforms

to the requirements for use of the model being considered and is most associated with
technician on-the-job performance.

Distributional Properties of the Performance Estimators

The g, test statistic for normality was applied to the distribution of SRE, PRE, GRE,
and WRE va1ues for the 949 technicians in the sample (combined locations). Table 17 il-
lustrates the resuits of this analysis.

TABLE 17

gy TEST STATISTIC VALUES FOR THE PERFORMANCE ESTIMATORS

SRE PRE GRE WRE
9 .5e07 -.4565 -4.7092 .7939
z 7.3265 -5.7594 -59.4129 ~.5823*

*Because WRE scores {Figure 4) are almost normally dis-
tributed, a test statistic [4] similar to the gy test
statistic but more sensitive to departures from normality
due to kurtosis was applied to the WRE scores.

Recall that rejection of normality results if | z | > 1.96.

Clearly then the only estimaicr which appears to be normally distributed is the
WRE. This same analysis was applied by location and rating with practically the same
results. In each case only WRE scores proved tc be normally distributed, except for
isolated incidents of the other estimators. This characteristic of WRE scores is not
surprising as this situation is essentially an application of the Central Limit Theorem
as found in probability theory, see [12]. The lack of normality on the part of the
other estimators is not necessarily &n undesirable feature, but it is true that this
exercise does point out yet one more desirable feature of the WRE, namely, its general
normality.

Choice of a Variable

As previously noted it is necessary to choose an appropriate variable upon which
to base the multiple comparisons of ships and ratings, From the previocus section -
Distributional Properties of the Performance Estimators - it was observed that WRE
scores possessed the unique characteristic among the performance variables {SRE, PRE,
GRE, and TP score) of being normally distrikbuted. This characteristic of WRE scores is
most helpful particularly since homogeneity of variances in the ships, ratings, and

1y search of the literature failed to locate a particular test to employ for
independence §n the case of unequal numbers for the ship/rating combinations. See
Andersor [1] for the case nf equal numbers,




An identical AQV was executed as above but for the four ratings (EM, ET, FT, and
IC) for which the performance measurement techrique was most promising. Table 19 re-
flects the results of this AQV.
TABLE 19

AN ANALYSIS OF VARIANCE FOR 21 SHIPS AND 4 RATINGS

Degrees of Sum of Mean
Source Freedom Squares Squara F Value
Total 482 192.0419
Between Ships 20 2.669 .1334 3.884*
Between Rating 3 .5621 .1874 5.4598*
Ship by Rating Interaction 60 4.0437 .0674 2.2975*
Residual 398 11.6747 .0294

*Indicates significance at the a = .05 level.

In either of the above two AOV tables there exists significant ship/rating inter-
action. This situation will not permit the comparing of any two of the main effects
under a two-way design because of the confounding of the main effects with the inter-
action terms. The only recourse is to test for significant differences in each ship,
across ratings, or in each rating, across ships. If the interaction terms were not
significant, it would be an easy matter to compare ratings and to compare ships by em-
ploying the entire set of data represented in the AOV's of Table 18 or Table 19, see
again Scheffe [15].

Testing for Significant Ship {Rating) Effects for a Particular Rating (Ship)

In order to develop comparisons between ships (for a fixed rating) and to devel?g
comparisons between ratings (for a fixed ship), this report will employ an ACV model
resulting from a one-way fixed effects design with unequal numbers of observations
across the main effects. Homogeneity of the variances across the main effects must be
assumed in this case for the usual tests are large sample tests and inapplicable for
ship/rating numbers less than ten (see Layard [14] and Table 7).

For present purposes only the AQV's, and subsequent multiple comparisons, will be
developed on the 21 ships participating in the project and the four ratings EM, ET, FT,
and IC. This will involve 25 different AOV's to be constructed and subsequently de-
velopad for multiple comparison of the main effects if the AOV indicates significant
main effects.

]BThis report will employ a model of the form

Yijk = v tayte (j is fixed and i=1, ..., 21)

ijk
for testing for significant ship effects, and a moJde’ of the form
Yijk = v ¥ 85 * ej5 (1 is fixed and j=1, ..., 4)

for teﬁt1ng for significant rating effects. The subscript k is an index representing
the k" man in that main effect.
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Initally the hypothesis of equality of mean WRE scores was tested for the four
ratings EM ,ET, FT, and IC for each of the 21 ships. This hypothesis was accepted
for 12 of the 21 ships. On the remaining 9 ships Scheffe's multiple comparison
technique was applied 1in searching for a possible significant difference between any
two {of the fourg ratings on the basis of mean WRE scores. Table 20 reflects the re-
sults of these multiple romparisons, each derived from a separate Analysis of Variance.
(The resulting 21 AQV tables are too extensive to be presented in this report).

Finally the hyputhesis of eguality of mean WRE scores was tested for the 21 ships
for each of the four ratings EM, ET, FT, and IC. This hypothesis was rejected for each
of the four ratings. No significant differences were found between any pair of the
ratings using Scheffe's multiple comparison technique. This is not an inconsistent
result, for this could be a result of trying to perform tooc many multiple comparisons
(therefore, increasing the comparison error rate? and/or the effect referenced in the
footnote of Table 20.

TAELE 20
MULTIPLE COMPARISON OF FCUR RATINGS ON NINE SHIPS*

Highest Lowest

_Ship Mean WRE Mean WRE

a EM FT ET IC

b FT ET EM Ic

c EM &7 1C FT

d ET FT EM IC

e IC EM ET FT**

f IC ET FT EM**

g T IC EM ET

h EM ET IC

1 EM ET FT

*For each ship a 1ine under two ratings sia~ifies no
significant difference between the ratings.

**It {s important to note that while no differences

in rating means were detected, the rejection of the null
hypothesis of the equality of rating means is not in
error. This only implies that some contrast other than
those contrasts testing rating differences lead to that
rejection, see Ferguson {8, pp. 279-283].
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Association Between Demographic and Performance Variables

Usually it is of interest from either a research or appiied point of view to esti-
mate school success, final grade, etc. of an individual in some training program or
school by employing such predictor variabies as the Basic Test Battery ?BTB) scores - GCT,
ARI, MECH, and CLER scores or combinations of those scores. Typically BTB scores are
used to predict actual school success which in turn is viewed as being the best available
measure of potential job success. Seldom, however, are direct measures of on-the-job
performance available as those deveioped in the current study. Accordingly the relation-
ship between the BTB scores - GCT, ARI, and Skill (GCT + ARI} - and measures of on-the-job
performance - SRE, PRE, GRE, WRE, and TP score - was investigated.

Besides the BTB scores, other available predictor variables ware also considered
under the general heading of demographic variables. In this report the demographic
variables to be considered are: months known by supervisor, months on current job
assignment, GCT score, ARI score, SKILL (GCT + ARI) score, and A, B, and C school final
grade. The performance variables that will be employed to relate to on-the-job technician
performance are the eight reliability ratios relative to the job activity factors on the
JPQ ANSWER SHEET, and the variables SRE, FRE, GRE, WRE, and TP score.

Utility of Demographic Variables in Performance Prediction

In order to determine the utility or effectiveness of the demographic variables
previously introduced to relate or be associated with on-the-job technician performance,
product-moment correlation coefficients were developed between those demographic vari-
ables and the performance variables. From this analysis it is possible to infer the
extent which the demographic variables may be viewed as linear predictors of the demo-
graphic variables.

Demographic Variable Prediction on Combined Locations

Tetle 21 reflects the product-moment correlation coefficients that resulted when
the 943 techinicians were considered. In that table there are many product-moment cor-
relation coefficients significantly different frem zero, but they are of such low
magnitude. Now from a linear prediction standpoint, the multiple correlation_coefficient
(R€) is related to the product-moment correlation coefficient (r,,) by RZ = rﬁ . (x
is one of the demographic variables and y is a per{grmance variaé*e.) Tperefoxe, from
Table 21, even for the largest r.,, value observed,!* namely 0.217, the R® value for
this case is still a very low 0.657 for the degree of fit of the linear model to the
data (x is SKILL score and y is TP score). However, even with the low correlations
represented by the BTB scores, those scores do offer some hope of predicting on-the-job
performance as measured by the TPCF. The correlation coefficients reflect the degrae
of association that is typically found between predictor variables and cn-the-job
performance. However, these results show considerable promise for further research in
the area of the development of on-the-job performance measures.

Demographic Variable Prediction in the EM, ET, FT, and IC Ratings

In a similar manner product-moment correlation coefficients were developed between
the demecgraphic and performance variables for the technicians sampled from the four
more promising ratings EM, ET, FT, and IC. In Table 22 are the results of this analysis.
From this table the same observations as above can be made for this case since no pro-
duct-moment correlation is greater than 0.217, the largest previously observed. Also,
as in the above, some hepe is offered by BTB scores for predicting on-the-job performance
as measured by the TPCF. The correlation coefficients, though suppressed, are still of
sufficient magnitude to warrant some promise for further research.

1-“Exc'luding B school final score which has such a low sample size represented.
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TABLE 21

DEMOGRAPHIC CORRELATIONS ON EIGHT RATINGS

Reljability Ratios

Ref Equip cir Pers Elec

N Mat Op © Anal Rel Safe

Mo krown by super 948 0.032 0.068* -0.006 -0.020 0.038

Mo on current assign 948 0.029 0.106* -0.005 -0.034 0.057
GCT scores 509 -0.027 -0.C:4 -0.048 -0.078* -0.014

ARI scores; 909 0.018 -0.014 -0.030 -0.086* -0.031

SKILL scores 509 -0.006 -0.029 -0.046 -0.095* -0.027

A school final grade 774 0.089* 0.090* 0.046 0.038 0.017
B school final grade 16 -0.022 0.379 0.227 0.231 0.178
C school final grade 264 0.016 0.077 0.006 0.000 -0.054

Performance Estimators

N SRE PRE GRE WRE TP Score
Mo known by super 948 -0.029 -0.038 0.055 0.0 0.086*
Mo on current assign 948 0.067* 0.036 0.044 0.070* 0.191*
GCT scores 909 -0.1710* -0.700* -0.040 0.018 0.186*
ARI scores 909 -0.076* -0.066* -0.013 0.037 0.163*
SKILL scores 909 -0.117* -0.095* -0.034 0.032 n.217*
A school final grade 774 0.142* 0.096* 0.084% 0.0698* 0.070*
B school final grade 16 0.339 0.387 0.167 0.265 -0.173
€ school final grade 264 0.041 0.027 0.047 0.092 0.091

Inst
0.001
-0.013
-0.096*
-0.076*
-0.100*
0.082*
0.323
-0.009

Elec £lec

Pep Cog

-0.069* -0.036
0.012 -0.009
-0.050 -0.076*
-0.039 -0.022
-0.052 -0.057
0.104* 0.101~
-0.044 0.300
0.119 0.079

*Significantly different from zero at the o = .05 level.
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TABLE 22

DEMOGRAPHIC CORRELAT.ONS ON FOUR RATINGS

Mo known by super

Mo on current assign
GCT scores

/R1 scores

SKILL scores

A school final grade
B school final grade

C school final grade

Mo known by rater

0 on current assign
GCT scores

ARI scores

SKILL scores

A school final grade
B schoel final grade

C scheol final grade

N
481
482
458
459
458
383

10
164

Rel<abiiity Patios

Ref Equip Cir Pers Elec
Mat Op Anal Rel Safe
-0.043 -0.021 -0.097* -0.355 0.025
-0.035 0.093* -0.034 -0.C44 0.064
-0.045 ~-0.001 0.026 -0.072 -0.047
-0.002 0.014 0.026 -0.094* -0.035
-0.026 0.607 0.030 -0.093* -0.046
0.086 0.107* 0.047 0.009 0.057
-0.342 0.322 £.103 0.129 -0.201
0.004 0.051 -0.057 0.016 -0.103
Performance Estimators
SRE PRE GRL WRE TP Score
-0.083 -0.096* -0.005 -0.C40 0.089*
0.017 0.014 0.088* 0.062 0.214*
-0.050 -0.081 0.008 0.065 0.172*
-0.0z3 -0.056 0.016 0.048 0.144*
-0.0-7 -0.077 0.014 0.064 0.178*
0.071 0.049 0.112* 0.125* 0.167*
0.028 0.213 -0.010 0.027 -0. 265
-0.003 -0.045 -0.019 0.080 0.135

inst

.32
.013
RV
.003
.063
.328
.097

Elec
Cog

(=]

[= 2N -]

.00

084
.019

7

*Significantly different from zero at the o = .05 level.
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SUMMARY AND CONCLUSIONS

Summary of Data Analyses

Evaluation of the Performance Estimators

When evaluating a performanc: estimator it is initially of interest to consider the
degree to which that estimator <.:c in fact measure an individual's on-the-job perform-
ance. In order to address this particular aspect of the analyses it was necessary to
choose an apprecpriate criterion measure of on-the-job performance. The variable selected
as the criterion measure in this repori was Technical Proficiency ‘+P) score (or Tech-
nical Proficiency Checkout (TPC) levei) as derived from the Technical Proficiency Check-
out Form (TPCF). Prio» research efforts denonstrated that this variable was a viable
criterion variable. Initially triserial correlation coefficients were developed between
the TPC level and each of the performance estimators (SRE, PRE, GRE, and WRE) being
evaluated. Essentially due to the lack of normality of the continuous variable TP score,
triserial correlation tiad to be considered inappropriate for the data collected in the
course of this project. Finally a curvilinear regression analysis was executed between
each of the performance estimators and TP score with an emphasis upen a least-squares
interpretation of the corresponding results.

When the entire sample of 949 technicians was considered, relatively low multiple
correlation coefficients correspording o a 1inear, guadratic, and cubic model were
obtained. Furthermore, low product-moment correlation coefficients were obtained for
some estimators. Due to thzze results it was decided that a more appropriate approach
to analyzing the data would be an analysis by rating. That is also a more appropriate
approach for job tasks or jub activities would be more homogeneous within a particular
rating.

When the individual ratings were considered it could ke concluded that of the four
perfernance estimators - SRE, FRE. GRE, and WRE - the WRE possesses the greatest degree
of premise in all ratings. The o~ly exceptions occur for the ET and RD ratings in which
the GRE is slightly better and none of the estimators apply, respectively. The WRE is a
moderate estimate of absoiute technician performanc..in the EM, ET, FT, and IC ratings
and a modest estimate of absoiu.e performance in the RM, ST, and TM ratings. It is recom-
mended thot the WRE be applied, in particular, upon the EM, ET, FT, and IC ratings for
purposes of comparing individuals or groups of individuals in those ratings. In fact,
it is suggested that in most analyses where the performance of an individual, or group
of individuals in those ratings is needed, (i.e., an estimate of the probability of ef-
fective performance is required) that the WRE be employed. Usually these analyses would
involve a classificatlcn or disariziiation of such individuals on the basis of their
present-day on-the-job perrormance. Howaver, use of the WRE in the RM, ST, and TM ratings
is not as justified and, thi.cefore, if used in those ratings, it should be only with utmost
caution with regavd to its low vzlidity, as determined by the T{CF.

The Criterion Measure of On-the-Job Performance

Because the TPCF was employed as & criterion reasure of technician on-the-job
performance, an analysis of the extent to which its properties were verified by the
data collected in this project was considered. To achieve this end Conditional and
Joint Frequency tables were developed by rating to determine whether thz hierarchial
classification of the job tasks was in effect and whether the job tasks were appropriate




to present-day electronic maintenance activities. Results 7rom those tables revealed
that only one job task -~ capable of calibrat ag most of this unit's ecuipment with which
his rating is concerned - was mnre dated than the other iob tasks. With this exception
the job tasks seemed to follow a hierarchial classifica. on in all but the RM rating,

and to a Tesser degree in the RD rating. From these analyses it is suggested that the
following alterations be completed by a potential! user before the TFCF is employed either
in an operatic: or research context:

1. An updating of the job task descriptions by rating. It is not
likely that a T1i~t of task descripticns can be developed that are
characteristic of the population of electronics maintenance person-
nel without being too general and not specific enough for their
intended use in any rating.

2. A verification of the hierarchial classification of the up-
dated task descriptions by rating.

3. Revision of the TPCF to include an answer column that would
reflect whether the technician actually works at the task descrip-
tion heing considered.

4. Development of alternative test statistics that wvould reflect
the hierarchial classification of the job tasks which TP score does
not do. Suggested random variables to consider are:

X = the highest job task the technician is CHECKED OUT
on, or
Y = (X + TP score )/2.

Use of X in a rating is most warranted if the hierarchial clas-
sification is correct; if not, use of Y will "average" the effects
of X and TP score.

5. A validation by rating that the TPCF is highly predictive of
on-the-job performance for that rating.

In conclusion 1t can be said that the TPCF represents the most promising of the
performance instruments evaluated. It is certainly the most easily administered and
offers the icast amount of confusion to the evaluator. Furthermore, the possibility
of deriving competenay levels from the Conditional Frequency tables offers an alter-
native procedure for comparing ratings or groups of technicians within a rating on the
basis of the proportion of individuals CHECKED OUT at most on a certain task. Although
such comparisons were not attempted in this report, it certainly is an appropriate topic
for future research on the TPCF.

Comparisons Beiween Ships and Ratings

Multiple comparisons between r.tings and beiween ships was accomplished in this
report by means of appropriate fixed-effect additive Analysis of Variance (AOV) models.
Use of these models required the homogeneity of variances across the main effects (ships
and/or ratings), normality of the variable upon which the comparisons are to be based,
and independence of the observations across ships and ratings. The performance variable
selected, from among SRE, PRE, GRE, WL, and TP score, was that one which best conformed
te the above reguirements and could be most associated with technician on-the-job per-
formance. Initially this involved the investigation of the distributional properties
of each of the performance variables. The distributions of the variables SRE, PRE, GRE,
and TP score were all shown to be non-normal for the subpopulations considered. This
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characteristic of those varjables is only detrimental in AOV analyses for the case of
unequal number of observations for the ship-rating combinations, which was the case for
the data collected in this report (see Table 1). Essentially the difficulty arises

when one attempts to apply a test of homogeneity of variances for the variable considered.
The standard tests for homogeneity of varjance require normality of the variable con-
sidered.

Only the variable WRE could be termed normally distributed for all the subpopula-
tions considered. Furthermore, it was shown to be the most promising type of perform-
ance estimator, particulariy in the EM, ET, FT, and IC rating. In view of these and
other related considerations it was the most optimal choice of a performance variable
upcn which to base the multiple comparisons. Unfortunately, not all the requirements
for use of the AOV models to be employed were satisfied by the WRE, however, the
techniques employed to that end demonstrate the procedures that one should go througi:
in order to validly apply the AQV wmodels,

Inftially a two-way fixed effects design was applied to the data. However, be-
cause significant interaction was found to exist between ships and ratings, this
necessarily forced multiple comparisions between ships (ratings) to be performed for
a fixed rating (ship). Twenty-five AOV's were executed in that event in order to detect
significant mean WRY scores between the four more promising ratings (EM, ET, FT, and IC)
for each of the 21 ships in .he project and between the 21 ships for each of these four
ratings. No particular pattern Seemed to emerge across Ships as to which rating is
more proficient {(in terms of mean WRE scores). Furthermore, no pairwise significant
difference was detected betwe.  =ny two ships (for any of the four ratings).

In conclusion it would sew:i “Hat the WRE is the most appropriate performance
variable upon which to base the multiple comparison of ships and ratings. However, it
would be a valuable exercise for a user to also include the other candidate performance
variables and choose that variable most appropriate to the characteristics of the data
collected. Likewise, the application of the appropriate variable for particular ship-
rating configurations may yield insignificant ship-rating interaction, thus eliminating
some of the difficulties encountered in this report. In particular it is the user's
responsibility to test Lhe requirements and various configurations before deciding on a
particular technique for 'erforming multiple comparisons. It is hoped that the pro-
cedure empioyed in this rooort offers some guidelines to the potential user for ap-
nlication of the performance measurement technique being researched.

Analysis of Demographic Data

In addition to the performance data collected on the TPCF and JPQ ANSWER SHEET,
demographic data were collected by means of the Personnel Identification Information
Form (PIIF). The demographic variables that were subsequently studied were: months
known by rater. months on current job assignment, GCT and ARI scores, and A, B, and
C school final grades. Product-mconent correlation coefficients were developed between
those variables and the SRE, PRE, GRE, WRE, TP score and each of the eight job activity
reliability ratios. Although the resulting correlations were low, some hope was offered
by GCT and ARI scores for predicitng on-the-job performance as measured by TP scores.

It is felt that further research in this area may reveal that Basic Test Battery scores
have some utility for predicting job performance levels.

Observations on the Use of Composite Reliability Values

It will be observed that many of the analyses chosen for ana’yzing the data rest
upon the particular characteristics observed in the data, e.g., distributional properties
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of the data. This is a reasonable and preferred procedure to follow in order to form
an opinion based on the data ccllected. ‘rwevar, there was one necessary, and arti-
ficial, revisfon of the fundamental characte:istics of the original data that was re-
guired in order to arrive at a numeric estiiute of performance based on the estimators
SRE, PRE, GRE, and WRE. That revision, of cuurse, involved the adoption of a con-
vention to estimate technician performance for those cases in which the technician
either does not work at a job activity or re-eived LUE = tUl = 0. The choice of a
composite reliability value (Appendix F)} to estimate technician performance in those
cases cannot be viewed as the most optimal choice. However, it is certainly a reason-
able and efficient means of employing the original data in order to ach:gve per’orm-
ance estimates in those cases. Reasonable in the sense that this estimate is derived
as the individual job activity reliability ratios are derived, i.e., by totaling the
number of UE's and UI's observed and forming the ratio TUE/[ZUE + zUI]. Thereforse,

it shouid be no less objectional than are the reliability ratios. Furthermore, it is
efficient in the sense that no complicated mathematical procedure is required in order
to derive the composite reliability values.

The comrosite reliability values were derived by location (Table F-2) and it was
those values which were subsequently employed throughout the remainder of the analyses.
A better procedure would have been to derive a composite reliability value for the
total of N = 848 technicians and employ those values for subsequent analyses rather
than by the use of "per location" composite reliability values. However, as can be
observed in Table F-2, the composite reliability values do not differ significantly
by locatien except in two cases: Job Activity No. 7 in the RD rating and Job Activity
No. 3 in the TM rating.

Effect of the Convention on the Performance Estimates SRE, PRE, and GRE

The Convention in the RD Rating

For the RD rating the composite reliability value is 0.0 for Job Activity No. 7 at
Location No. 2 (Table F-2). However, at Location No. 2 the RD's received SRE = PRE = 0.0
(see p. 3 and footnote 2) because all (but one) RD at that location either did not work
at Job Activity No. 7 or received ZUE = ZUI = O (see Table E-1). In addition to the
lTow SRE and PRE scores resulting from the use of this convention at Location No. 2, it
must be pointed out that low scores were likewise recorded for the TPCF at that location
(Table 4?. This effect would result in a high degree of association between the pre-
dictor and criterion variables for the RD rating at Location No. 2 because low predictor
scores are corresponding to low criterion scores. This situation, however, is unique
to the RD rating at Loc-tion No. 2.

At Location No. 1 the situation of a high degree of association between the predictor
and criterion variables was not illustrated for the RD rating. As at Location No. 2,
most of the RD technicians are in the lowest TPC levels (Table 3) and every RD at Loca-
tion No. 1 did not work at Job Activity No. 7 or received ZUE = sUI = able E-1).
However, all the composite reliability values are high for Location No. 1 (see Table F-2)
implying that most 1ikely the SRE and PRE are different from zerc and of a large magni-
tude. This characteristic of the SRE and PRE would imply an inconsistency with the Tow
TPC levels recorded at Location No. 1. Namely, an inverse relationship has been created
at Location No. 1 essentially due to the conventicn that was adopted. That is, nigh
predictor scores correspond to Jow TPCF scores in the RD rating, whereas at Location
No. 2, low predictor scores are associated with low TPCF scores. It may be said that
this effect at Location No. 1 has significantly contributed to the low correlation
values that were subsequently calculated (see Tables 6 and 7). However, in terms of
composite reliability values, the correlations are most correct at Location No. 1. Only
at Location No. 2, where as previously noted, there is an inconsistency in the composite
reliability values, were the performance estimators, SRE, PRE, and GRE able to correspond
to the 1ow TPC levels and, thus, incidentally, produce higher correlations. Therefore,
the correlations obtained at Location No. 1 probably reflect the most accurate portrayal
of the use of composite reliability values.
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The Convention in Qther than the RD Rating

Now except for the extreme case mentioned above in the RD rating, al! other com-
posite reliability values in Table F-2 are high. This is in close agreement with the
TPCF results (Tables 3 and 4) for the EM, kT, FT, and IC ratings. The distribution
of TPC levels for those ratings demonstrate a high concentration of individuals in
the highest level of technical proficiency. On the other hand, in the RM, ST, and TM
ratings, the distribution of TPL Tevels is uniform or demonstrate a higher concentra-
tion of technicians in the lowest level oY technical proficiency, but “he composite
reliability values are high.

Now it is difficult to generalize as to how the above observations are reflected
in the estimators SRE, PRE, GRE. and WRE for association with TPCF results. This de-
pends on the frequency with which the composite reliakility values are used (Table
E-1). However, it seems true that the greater the frequency of use of the composite
reliability value the less agreement of the TPCF with the reliability estimators.

bservations on the Use of Composite Reljability Values

As with any convention one employs, there seems to be a degree of artificality in
the composite reliability values, for it would probably be easy tc select a convention,
by rating perhaps, which would allow the estimators to have & significant degree of
promise in all ratings. This, of course, is a most inappropriate means by which to
evaluate an estimator. However, results of this research effort seem to indicate that
it is not the use of any convention that is posing difficulty, but rather its overuse.
As discussed in Appendix E, there were 842 (out of 164) rating-job activity combinations
where the convention had to be employed on at least one-third of the technicians in
some job activity and rating. Such a high use of a convention can only force the
individual performance estimates (in particular the SRE, PRE, and GRE) to more reflect
the effect of the convention rather than individual performance.

This observation is further reinforced with the WRE by the frequency with which
it must employ the convention. This estimator only employs the convention for the
case in which the technician received sUE = zUI = 0. The case in which the technician
did ..ot work at the job activity is ignored by this estimator. Table K-1 reflects the
improvement in nonuse of the convention. It is believed that in no small way does con-
sidering oniy the job activities a technician works at and then appropriately weighting
those to form a reliability value permit a greater reflection of individual performance
and subseguently a greater degree of assocjation with the TPCF.

Conclusions

In conclusion the more promising estimator of electronic maintenance performance
as a function of uncommonly effective and unconimonly ineffective performance incidents
is a performance estimator similar to the Weighted-Average Reliability Estimate (WRE).
This conclusion is made under the assumption that composite relfability values are
employed in those job activities in which & man does not work at or received ZUE = tUI = O.
However, even this estimator cannot be recommended for general use within the U. S. Navy
at the present time. Only in the EM, ET, FT, and IC ratings is its use presently war-
ranted, while application in the RM, ST, and TM ratings is tenuous. It {s suggested
that before this estimator is employed in other ratings that the appropriate job task
analysis and isolation of job activity factors be completed before & validation effort
is attempted in that rating, perhaps similar to the procedures conducted in this report.
That it is necessary to perform a validation effort was illustrated in this research
effort by the results obtained in the RD rating. It would seem that it is too much to
assume that the technique can be automatically applied to cther ratings with even
similar job activities.
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Finally, the results of this research effort do demonstrate that the performance
measurement. technique being rescarched does have a large degree of potential for practical
application on specific ratings within the U. S. Navy. In particular, the detailed
analyses of the Technical Proficiency Checkout Form (TPCF) demonstrated the potential
of that instrument to isolate job tasks which may require further training on the part of
some technicians. Likewise the Job Performance Questionnaire can also be employed to
isolate those individuals of potential detrimental performance levels in terms ¢f ex-
cessive uncommonly irneffective incidents of performance. Even though such instruments
are completed by the tecknician's immediate supervisor, as opposed to an unbiased eval-
uator, those positive qualities cf the performance measurement instruments can prove to
be most valuable even if one is not interested in deriving an estimate of the probability
of effective performance ior the technician evaluated. Therefore, short of a procedure
which allows for a completely unbiased evaluator, the technique must be given credit for
being perhaps the most viable performance measurement technique presently available and
of being of greatest potentital value to the U. S. Navy.
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APPENDIX A
PERFORMANCE EVALUATION INSTRUMENTS
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JOB PERFORMANCE QUESTIONNAIRE

Name of Supervisor Rating Shipor Unit

Instructions to Supe.visur. The purpose of thisform isto determine the
number of effective and incffective performances youhave observed amongyour

men during the past two months. We are only interested inthe uncommonly ef-

fective and the uncommonly ineffective performances, ’

List below the names of all the men under your supervision who are currently
striking for, orinany of the following ratings: DS, EM, ET, FT, IC, MT, RD, RM,
ST, TD, TM (AE, AT, AQ, AX). If you supervise more than one of these ratings,

. please uze & . zp-ralc {orm for each rating.

O

Now, consideringthe fleet electronic maintenunce objectives, enter your estim-e
of the number of uncouiaonly effective (UE) und uncommonly ineffective (Ul per-
formances during the past two months for each man being rated. Pleaserefertothe
definitions lists for the meanings of the JOB ACTIVITIES and of the OBJECTIVES
involved.

The first line hasbeen filled in as an example. The supervisor completing the
example felt that Peter Smith had ten unusually effective performances and two
unusually ineffective pe [orm=nces while perforining Electronic Circuit Anal-
ses when considered against :he objectives of fleet electronic maintenance. He
also felt that Smith showed two uncommonly effective performancesinthe area of
Electrosafety and four uncommonly ineffective performancesin Instruction.

If a man has not hadan opportunity to perform in a particular area, enter a dash(-);
if he has had an opportunity but hhas not shown any uncommonly effective or ineffec-
tive performances, enter a zero (0).

Name und rating UEFUI Uﬂ I,'IJL'F UL EjUl [UEJUTJU | UCTU R UT (U TN UL
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